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CLAW-POLE PERMANENT-MAGNET STEPPING MOTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a claw-pole permanent-magnet stepping 
5 motor. More particularly, the present invention relates to a claw-pole permanent- 

magnet stepping motor that minimizes external flux leakage, minimizes magnetic 
circuit obstructions common in low profile designs, and reduces costs. 

2. Description of the Related Art 

A claw-pole permanent-magnet stepping motor is a type of hybrid 
1 0 stepping motor. Magnetic parts known as claw poles, form a phase A inductor 

and a phase B inductor in the claw-pole permanent-magnet stepping motor. Claw 
poles are widely used in commercial devices since they can be produced 
inexpensively and accurately with plate-pressing technology. 

Referring now to Fig. 5, a conventional claw-pole permanent-magnet 
15 stepping motor 100 includes a permanent magnet 103 secured to a rotor 102. 

Permanent magnet 103 is constructed and magnetized to form multiple radial 
poles, as shown. 

Rotor 102 is rotationally supported by a bottom bearing, not shown, and 
secured to a case unit 113. Rotor 102, is supported at a top by a bearing 115 
20 secured to a securing member 114 on a case unit 112. Case units 112 113 are 

formed from a magnetic material. 
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Case units 112, 113 respectively house a phase A inductor and a phase B 
inductor arranged symmetrically about rotor 102. The phase A inductor and the 
phase B inductor are formed from separate claw poles 104, 105, 106, 107. A coil 
108 wraps around claw poles 104 and 105. A coil 109 wraps around claw poles 
5 106 and 107 

A diameter LI is defined on the arcuate section of case units 112, 1 13. A 
total case unit length L2 is defined along rotor 102. Diameter LI and length L2 
are designed to form roughly a 2:1 ratio, as shown. 

During operation, power is alternately applied to the phase A inductor and 
1 0 the phase B inductor. As a result, magnetic attraction, based on the arrangement 

of teeth, takes place between permanent magnet 103 and claw poles 104, 105, 
106, 107. The magnetic attraction drives a stepping operation that provides 
rotational torque. 

It should be understood that claw-pole permanent-magnet stepping motor 
15 100 cannot be used in devices that impose restrictions on outer diameter LI of 

case units 1 12, 113. 

Additionally, devices employing claw-pole permanent-magnet stepping 
motor 100 must provide a wide attachment area since motor 1 00 is secured to the 
device using bolts and nuts via a set of securing holes 114a, 114a formed on 
20 securing member 114 of case unit 1 12. 

OBJECTS AND SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a claw-pole 
permanent-magnet stepping motor that overcomes the issues described above. 



# 
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It is another object of the present invention to provide a claw-pole 
permanent-magnet stepping motor that may be attached or internally disposed in 
devices that impose outer dimension restrictions on a case unit 

It is another object of the present invention to provide a claw-pole 
5 permanent-magnet stepping motor that eliminates magnetic circuit obstructions 

that accompany low-profile designs. 

It is another object of the present invention to provide a claw-pole 
permanent-magnet stepping motor that limits external flux leakage. 

It is another object of the present invention to provide a claw-pole 
1 0 permanent-magnet stepping motor that employs a case unit that can be produced 

simply and with high precision. 

It is another object of the present invention to provide a claw-pole 
permanent-magnet stepping motor that includes a case unit formed with a lateral 
cross-section shaped roughly as an oval shape with flat sides, flat side walls, and 
15 continuously formed thick arcuate sections. 

It is another object of the present invention to provide a claw-pole 
permanent-magnet stepping motor where a total length of a case unit along the 
longitudinal axis of the rotor to a diameter of arcuate sections of a pair of case 
units is a ratio of at least 1 : 1 and preferably a ratio of 2: 1 
20 It is another object of the present invention to provide a claw-pole 

permanent-magnet stepping motor where a permanent magnet faces a phase A 
inductor and a phase B inductor to provide adequate rotational torque during 
operation. 

Briefly stated, the present invention relates to a claw-pole 
25 permanent-magnet stepping motor that includes a pair of cases containing two or 

more inductors in symmetrical arrangement with multiple claw poles. The case 
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unit has an oval shape having thin flat side walls or thin stepped side walls and 
connecting thick arcuate surfaces operating to resist external flux leakage from the 
motor and eliminating magnetic circuit obstructions. The cases, side walls, and 
inductors allow the motor to have a width to length ratio from about one to one 
5 to about one to two thus allowing a reduction in size and a low profile design 

while retaining output torque. 

According to an embodiment of the present invention there is provided a 
claw-pole permanent-magnet stepping motor, comprising: a first and a second 
case unit having a total length, a rotor having at least a first and a second 
1 0 permanent magnet, the first and the second case units having a shape supporting 

the rotor, a third and a fourth arcuate section on each the first and the second case 
units, a fifth and a sixth side wall section joining each respective the third and 
forth arcuate sections in a continuous flattened-oval shape about the rotor, the 
third and the forth arcuate sections each having a first diameter, and a ratio of the 
1 5 total length to the first diameter is at least 1:1, whereby the claw-pole permanent 

magnet stepping motor has a reduced size, eliminates magnetic circuit 
obstructions, and prevents external flux leakage to allow use with magnetic 
devices while providing an adequate rotational torque. 

According to another embodiment of the present invention there is 
20 provided a claw-pole permanent-magnet stepping motor, wherein: the ratio is 

preferably 2:1 whereby the claw-pole permanent magnet stepping motor has a 
reduced size while providing adequate rotational torque despite the ratio. 

According to another embodiment of the present invention there is 
provided a claw-pole permanent-magnet stepping motor, wherein: the third and 
25 the fourth arcuate sections each have a first thickness, the fifth and the sixth wall 

sections each have a second thickness, and the first thickness being greater than 
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the second thickness, whereby size is reduced, magnetic circuit obstructions are 
eliminated, and external flux leakage is minimized. 

According to another embodiment of the present invention there is 
provided a claw-pole permanent-magnet stepping motor, wherein: the fifth and the 
5 sixth sections each having a planar shape and being closer to the rotor than the 

third and the fourth arcuate sections, and the at least first case unit having a 
flattened-oval cross section, whereby the claw-pole permanent magnet stepping 
motor has a reduced size. 

According to another embodiment of the present invention there is 

10 provided a claw-pole permanent-magnet stepping motor, further comprising: a 

first thin wall section on each the fifth and the sixth sections orthogonal each the 
third and the fourth arcuate sections, the first thin wall section having a third 
thickness, and the third thickness being less than the second thickness, whereby 
the claw-pole permanent magnet stepping motor may be made with an increased 

15 torque while retaining a same external size. 

According to another embodiment of the present invention there is 
provided a claw-pole permanent-magnet stepping motor, further comprising: a 
first metal bearing in the first case unit, a second metal bearing in the second case 
unit, the rotor supported between the first and the second metal bearings, a 

20 plurality of poles on the first and second permanent magnets, a first and a second 

phase inductor in each respective the first and the second unit case opposite each 
respective the first and second permanent magnet, the first and the second phase 
inductors disposed symmetrically in each respective the first and the case units, 
and the first and the second phase inductors each formed from at least a first and 

25 a second magnetic plate each including multiple claw-poles and a first and a 
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second coil each with a set of connectors, whereby the adequate rotational torque 
is created. 

According to another embodiment of the present invention there is 
provided a claw-pole permanent-magnet stepping motor, comprising: a first and 
5 a second case unit having a total length, the first and the second case units 

including a magnetic material, a rotor having at least a first and a second 
permanent magnet, the first and the second case units having a shape supporting 
the rotor, a third and a fourth arcuate section on each the first and the second case 
units, a fifth and a sixth side wall section joining each respective the third and 

1 0 forth arcuate sections in a continuous flattened-oval shape about the rotor, the 

third and the forth arcuate sections each having a first diameter, a ratio of the total 
length to the first diameter is preferably 2:1, the third and the fourth arcuate 
sections each have a first thickness, the fifth and the sixth wall sections each have 
a second thickness, the first thickness being greater than the second thickness, the 

1 5 fifth and the sixth sections each having a planar shape and being closer to the rotor 

than the third and the fourth arcuate sections, the at least first case unit having a 
flattened-oval cross section, whereby the claw-pole permanent magnet stepping 
motor has a reduced size, eliminates magnetic circuit obstructions, and prevents 
external flux leakage to allow use with magnetic devices while providing an 

20 adequate rotational torque, a first metal bearing in the first case unit, a second 

metal bearing in the second case unit, the rotor supported between the first and the 
second metal bearings, a plurality of poles on the first and second permanent 
magnets, a first and a second phase inductor in each respective the first and the 
second unit case opposite each respective the first and second permanent magnet, 

25 the first and the second phase inductors disposed symmetrically in each respective 

the first and the case units, and the first and the second phase inductors each 
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formed from at least a first and a second magnetic plate each having multiple 
claw-poles and a first and a second coil each with a set of connectors, whereby the 
adequate rotational torque is created. 

According to another embodiment of the present invention there is 
5 provided a claw-pole permanent-magnet stepping motor, comprising: a first and 

a second case unit, the first case unit and the second case unit having a first total 
length, a rotor including a first and a second permanent magnet, the first and the 
second case units including a magnetic material, the first and the second case units 
having a shape supporting the rotor, a permanent magnet magnetized to form a 

1 0 plurality of poles, the permanent magnet on the roter, a first phase inductor, a 

second phase inductor, the first and the second phase inductors disposed 
symmetrically in each respective the case unit, the first and the second phase 
inductors each including at least a plurality of claw poles and a coil, the first and 
the second case units having a first diameter, and a ratio of the first total length 

15 to the first diameter is at least 1:1, whereby the claw-pole permanent magnet 

stepping motor has a reduced size, eliminates magnetic circuit obstructions, and 
prevents external flux leakage to allow use with magnetic devices while providing 
an adequate rotational torque. 

According to another embodiment of the present invention there is 

20 provided a claw-pole permanent-magnet stepping motor, wherein: the ratio is 

preferable 2:1, whereby the adequate rotational torque is maintained. 

According to another embodiment of the present invention there is 
provided a claw-pole permanent-magnet stepping motor, further comprising: a 
securing section detachably attached to an outside side surface of at least one of 

25 the first and the second case unit, a securing section containing an externally 

threaded section, and the securing section being detatachably fixable to an 
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external attachment base for the claw-pole permanent magnet stepping motor, 
whereby the claw-pole permanent magnet stepping motor may be easily affixed 
to an external device. 

According to another embodiment of the present invention there is 
5 provided a claw-pole permanent-magnet stepping motor, wherein: each of the first 

and the second phase inductors includes the coil and a magnetic plate formed 
integrally from a magnetic material, each the magnetic plate having a shape, 
including a flat oval-shaped section and an extending plurality of claw-poles, for 
sliding insertion in each respective the first and the second case unit, whereby 
1 0 assembly time is reduced and efficiency increased. 

According to another embodiment of the present invention there is 
provided a claw-pole permanent-magnet stepping motor, wherein: each coil 
includes a coil bobbin, an insulated copper wire wrapped around the coil bobbin, 
and a connector, the coil bobbin including a first and a second collar, the 
1 5 connector disposed at at least one of the first and the second collar orthogonal to 

the coil, and the coil bobbin having a flat oval shape with arcuate sections, 
whereby the coils are quickly install-able inside each respective the first and the 
second case units. 

The above, and other objects, features and advantages of the present 
20 invention will become apparent from the following description read in 

conjunction with the accompanying drawings, in which like reference numerals 
designate the same elements. 
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BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1(A) is a lateral cross-section drawing of a claw-pole permanent- 
magnet stepping motor. 

Fig. 1 (B) is a lateral cross-section drawing of an alternative embodiment 
5 of a claw-pole permanent-magnet stepping motor. 

Fig. 2 is a cross-section drawing of Fig. 1(A) as seen from the X-X line. 
Fig. 3 is an exploded drawing of a claw-pole permanent-magnet stepping 

motor. 

Fig. 4 is a lateral cross-section drawing of a claw-pole permanent-magnet 
10 stepping motor when power is applied. 

Fig. 5 is a perspective drawing of a conventional claw-pole 
permanent-magnet stepping motor. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present applicant has proposed a claw-pole permanent-magnet 
15 stepping motor as described in Japanese laid-open patent publication number 

1 1 -89207. In this publication, the diameter of the arcuate sections of the case unit 
and the total length of the case unit along the rotor are set up to have a roughly 2:1 
ratio, allowing adequate rotational torque to be generated. 

In the publication, the lateral cross-section of the case unit is formed from 
20 flat side walls and arcuate surfaces continuous therewith, thus forming an oval 

shape with flat sides. The teeth of the claw poles forming the phase A inductor 
and the phase B inductor are arranged so that there are no teeth facing the flat side 
wall sections, and openings are formed on the side wall sections. By providing 
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flat sections, the motor can be attached to devices that impose restrictions on the 
outer dimension LI of the case unit. 

With a claw-pole permanent-magnet stepping motor based on this 
publication, some rotational torque can be provided and the motor can be placed 
5 inside devices that impose some restrictions on the diameter LI of the arcuate 

sections of the case unit. 

Unfortunately in this design, leakage of magnetic flux from the openings 
formed on the side walls of the case unit prevent the motor from being used in 
magnetic devices and opto-magnetic devices. Additionally, where the motor case 
1 0 is made by a pressing operation, a single pressing step forms only the outer shape 

and another pressing step is required to form the openings. As a result, the 
pressing operation is complex and additionally costly. 

Referring now to Figs. 1(A), 1(B), and 2, a claw-pole permanent-magnet 
stepping motor 1 includes a rotor formed from a rotation shaft 2 having two 
1 5 permanent magnets 3 . Permanent magnets 3 are magnetized to form 1 0 poles, as 

will be explained. 

Rotation shaft 2 is rotatably supported by left and right metal bearings 15, 
16. Metal bearing 15 is pressed into a securing member 14 and is fixed, 
frequently by spot- welding, to a section of the side surface of a case unit 12. 

20 Securing member 14 is formed with threaded holes 14a, as will be explained. 

During assembly, when attaching securing member 14 to an attachment base 20 
of a main device (not shown), a set of screws 21 are inserted through a 
corresponding set of securing holes 20a and threaded into threaded holes 14a. 
Screws 21 attach motor 1 to the main device with minimal interference and a 

25 reduced area requirement. 
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In another embodiment, where screws 2 1 are required to have a very small 
size, securing member 14 may be eliminated, and case unit 12 may serve as a 
securing unit itself. 

A second case unit 13 is symmetrical to case unit 12, and metal bearing 
5 1 6 is in a side surface of case unit 13 . 

Case units 12, 13 are formed by pressing magnetic plates containing 
magnetic soft-iron. The impact of case units 12, 13 on external magnetic flux 
leakage will be described later 

Case units 12, 13 form an flattened-oval-type shape having respective flat 
10 side walls 12a, 13a and respective arcuate sections 12b, 13b. The arcuate sections 

12b, 13b, each have a radius R, defined from a center of rotation shaft 2. The 
thickness of arcuate sections 12b, 13b are not substantially restricted and may be 
fairly thick to retain a magnetic field. As a result, when power is provided to 
motor 1 , a closed magnetic circuit is formed with an unobstructed magnetic circuit 
15 passing through case units 12, 13. Thus, since the unobstructed magnetic circuit 

is retained in case units 12, 13, external flux is minimized and the magnetic field 
created is prevented from being a problem to a manufacturer or user. 

A distance W2 is defined between the inner wall surfaces of respective flat 
side walls 12a, 13 a. Distance W2 provides clearance for an outer diameter Wl of 
20 the phase A and phase B inducers. The phase A and phase B inducers are 

respectively formed from claw poles and coils, as will be explained. 

Side walls 1 2a are pressed thinner than arcuate sections 1 2b. To increase 
flatness, the ratio between the thickness of side walls 12a, 13a and the thickness 
of arcuate sections 12b, 13b is set to about 1/2 - 1/3. Desirable motor 1 flatness 
25 may be provided by pressing the unit in this manner while retaining operational 

effectiveness and efficiency. 
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In an alternative embodiment, a set of thin-wall sections 12c can be 
formed so that the thickness of respective side walls 12a is reduced in stages. A 
corresponding similar construction on case unit 13 (not shown in this 
embodiment) provides similar benefits for the second permanent magnet 3. 
5 The alternative embodiment described allows an increased number of 

windings of respective insulated copper lines and a corresponding increase in 
power. 

Referring additionally now to Fig. 3, phase A includes a coil 8 with 
windings of an insulated copper line 8a. Phase B includes a coil 9 with windings 
10 of an insulated copper line 9a. Coils 8, 9 are formed from respective coil bobbins 

10, 10. Coil bobbins 10, 10 each include a coil section 10a, formed integrally 
from a plastic resin. Coil bobbins 10 have a pair of collars 10b at each end. 

Coil sections 10a are each formed with an oval shape having flat sides 
surrounding a circular inner hole 1 0c. A pair of thin wall sections 1 Od correspond 
15 to respective side walls 12a, 13a or thin- wall sections 12c, 13c depending upon 

the embodiment. Since, coil bobbins 10 have an oval shape with flat sides, 
insulated copper lines 8a, 9a also form a roughly oval shape with flat sides. 

A set of magnetic plates 4, 5, 6, 7, are formed from a magnetic material, 
and include respective flat sections 4a, 5a, 6a, 7a. Magnetic plates 4, 5, 6, and 7 
20 have an oval shape with flat sides and are formed for insertion into respective case 

units 12, 13 during assembly. Claw poles 4b, 5b, 6b, and 7b, each include five 
poles formed in these flat sections by a drawing process and project away from 
respective magnetic plates 4, 5, 6, and 7 in a circular-type arrangement. 

Case units 12, 13 include recesses 12d, 13d formed and positioned to 
25 accept a respective pair of connectors 1 1 during assembly. 
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During assembly, the phase A inductor and the phase B inductor are 
formed by inserting coils 8, 9 wrapped around respective coil bobbins 1 0, 1 0 onto 
respective claw poles 4, 5, 6, 7. Connectors 11, containing electrodes (not 
shown), connect to each respective coil 8, 9 on coil bobbins 10, 10 and provide 
5 electrical power to each phase inductor during operation 

Connectors 1 1 are on one collar 1 Ob of each respective coil bobbin 1 0 
along a center section of motor 1. During operation, drivers (not shown) 
connected to connectors 1 1 alternately send power to the phase A inductor and the 
phase B inductor so that magnetic induction takes place between respective 
10 claw-poles 4b, 5b, 6b, 7b and permanent magnets 3, 3 based on the arrangement 

of claw-poles. The allows stepped operation that provides adequate rotational 
torque. 

To provide a ratio l:greater than 1 between diameter LI and case unit 
length L2, along the rotation shaft 2, during construction the ratio is set to about 
L5 1:2. This ratio allows adequate rotational torque even if claw-pole permanent- 

magnet stepping motor 1 is very low-profile with a maximum diameter of no 
more than 8 mm. 

Referring additionally now to Fig. 4, during operation, a closed magnetic 
circuit F, (shown by dotted lines), passes through thick arcuate sections 12b(13b 

20 not shown) of case unit 12 (13 not shown) with out restriction. Since magnetic 

circuit F is not obstructed, it will not obstruct the generated magnetic field. 
Furthermore, since side walls 12a, 13a (not shown) are continuous, they prevent 
magnetic flux from leaking outside case units 12,13 (not shown). As a result, the 
device may be used in both magnetic and opto-magnetic devices. 

25 It should be understood, that as described above, the present invention 

provides a claw-pole permanent-magnet stepping motor 1 that may be attached or 
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internally disposed in devices that impose outer dimension restrictions on a case 
unit. It is to be further understood, that magnetic circuit obstructions, that 
frequently accompany low-profile designs, are be eliminated. External flux 
leakage is prevented and the case unit can be produced inexpensively and simply 
5 and with high precision. 

It should be further understood, that diameter L 1 of arcuate sections 1 2b, 
13b, is designed preferably to have a ratio of about 1:2 with total length L2 of 
motor 1, thus allowing adequate rotational torque to be generated. It should be 
understood, that ratios of about 1 : 1 are possible according to customer demand but 
1 0 not preferable. 

It should be further understood, that since case units 12,13 have only end 
openings, external flux leakage is reduced thereby allowing use of the present 
invention in magnetic and opto-magnetic components. 

Although only a single or few exemplary embodiments of this invention 
1 5 have been described in detail above, those skilled in the art will readily appreciate 

that many modifications are possible in the exemplary embodiment(s) without 
materially departing from the novel teachings and advantages of this invention. 
Accordingly, all such modifications are intended to be included within the scope 
of this invention as defined in the following claims. In the claims, means-plus- 
20 function clauses are intended to cover the structures described or suggested herein 

as performing the recited function and not only structural equivalents but also 
equivalent structures. Thus although a nail and screw may not be structural 
equivalents in that a nail relies entirely on friction between a wooden part and a 
cylindrical surface whereas a screw's helical surface positively engages the 
25 wooden part, in the environment of fastening wooden parts, a nail and a screw 

may be equivalent structures. 
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Having described preferred embodiments of the invention with reference 
to the accompanying drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various changes and modifications 
may be effected therein by one skilled in the art without departing from the scope 
5 or spirit of the invention as defined in the appended claims. 



